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This application 1- a continuation of U.S. Patent 
wli c,M=n serial »u. 10/073, 7«a, »«f 
^ is 'a ountln^etion of united states PacenL ftppHcat-n 
serial No. 03/900.915, filed .T» Ly 20. J001. which ia » 
£ .ion o* united —aa Patent «. »«. 

&ug u3t 31. =001. which la a oontinuetion-.n-part ' 
s"Ir.e ~tent Nu^er 6.1*2.3™ Bl, leaned February 6. 2 001, 
1, ot which are hereby Incorporated Oy reKreno- hereto in 
their enLlrety. 
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y T r. T.n nr TTff rf 1 "™ 1 

The present invention rolat. a generally Co 

..^conductor device ™* «~ ^"T^*" 

a method and .PP^ heating and coollnc, .^raUo. 

M SemicnTldU cror w^er S , flat panel dWy. and 

, ot w similar substraLes typically hav numerous serial 

•t-«9 thereon during device fabrication- . *©me 
layers deputed thereon dur no 

commoxily deposited layers (e.g., spin-on 9 l-s S ^ 
^y contain contamin-t.s, defects ux undesirable 
JUatructures tnat can be reduced in number or altogether 
s re ^ed by beating or pealing- the subetrate at an 
appropriate tcmpex-uur. for on appropriate time. Otto 
d eposited layers (e.g., copper films) may have properties 
uhat undesirably change over time or --elf -anneal- , 
resulting in unpredictable deposited layer propert.ee (e.g.. 
0 unpredictable resiStiviUy. stress, grain size, hardness. 
Rt , r ) as with uonteminanto, defects and undesirable _ 
^croLU-ucturee, depoeited layer properties often can bo 
stabilised by a controlled annealing step (eg., for copper 
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films, a 200-400"C, 15 second 3 minute anneal in a gas 
such as N a or about 96% N a . 4% H./) - Following any annealing 
step, a svbotrate preferably S « rapidly cooled bu that other 
processes can b« performed on the subsLxctLe without delay ! 
(i.e., to increase throughput). 

Conventionally annealing ic performed within a ; 
quart* furnace that must be slowly pre-h*ated to a desired 
annealing temperature, or within a rapid thermal process 
(RTP) system that can he. rapidly heated to a desired 
annealing tRmp ft rature. Thereafter an annealed subetrate is 
transferred to a sepaidLe cooling module which 
conventionally employs a cooled substrate support and 16 
slightly backfilled with a gas such a« argon to enhance 
thermal conduction. The separate coollnq module increases 
equipment ■ nost and complexity, as well <±* equipment 
footprint, and decrease* substrate throughput by requiring 
substrate transfer time between the heating and cooling 
systems.. Accordingly,- a need exists for an improved method 
and apparatus for heating and cooling substrates that is 
less expengivR, less complex, and has a reduced equipment 
footprint and Increased throughput when compared to 
conventional subHL.cate heating and cooling systems. 

fflTMMARY OF THE TNVENTIOKT 

To ove-rnome the needs of the prior art, tui 
inventive chamber Is provided that allows for rapid heating 
and coblinq of a subs Li ate within a single chamber. Ae no 
transfer time to a separate cooling module is required, the 
invention dccrcacec equipment cost, complexity and. footprint 
while increasing substrata throughput. Specifically, the 
lnv«nt.ive chamber includes a heating mechanism adapted to 
heat ajsubstxdte positioned proximate the heating mechanism, 
a coolj-ng mechanic™ spaced from the heating mechanism and 
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adapted to cool a substrate poeitioned proximate the cooling 
mechanism, and a transfer meehanl R m adapted to transfer a 
substrate between a position proximate the heating mechanism 
and a position proximate the cooling mechanism- As uocd ! 
herein »prw*±ui*te" means close enough to affect sufficient 
Lhexmal energy transfer for cither heating or cooling * • 
subatratc. The heating mechanism and the. cooling mechanism 
preferably are separated by about. 1 to b inches . 

The heating mechanism preferably comprises a 
heated substrate auppurt adapted to support a- cubctrate and 
to heat the supported substrate to a predetermined 
temperature, and the cooling mechanism prp.terabiy comprises 
a cooling plate (e.g.. a water cooled cool.ing plate or a 
refrigerant-, cooled cooling plate) . a pluraliLy of holes may 
be provided within the cooling pl<*L» that allow a gas to 
flow Lhxouyh the cooling plate (so ao to cool the gas) 
before the gas strikes a substrate positioned proximate the 

cooling plate. 

The transfer mechanism transfers a subsU-dLe from 
a position proximate the heating mechanism to a position 
proximate the uooling mechanism, and preferably employs only 
single -"axis", linear motion so as to further reduce equipment 
complexity and oost . The transfer mechani Rm may comprise, 
for example, a water i 1 tt. hoop having a plurality of fingers 
adapted, to support a substrate, or a pluxaliLy of wafer lift 
pins. A dry yas source may be coupled to the chamber in 
. uxder to supply a dry gas thereto. The chamber includes a 
pump adapted to evacuate the chamber to a predetermined 
pressure (e.g., about 20 and 200 Tnrr) during cooling, as 
the. present inventors have found that, a reduced chamber 
pressure provides good Lhexuual conduction for short 
distances (so that a substrate positioned proximate the 
cooling mechanism is cooled thereby) but. poor thermal 
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conduction for large distances (so that a subst-rat* being 
cooled by being positioned proximate the cooling mechanism 
i* nor. also heated by the distantly located heatinq 
mechanism) - 

5 As is apparent from the above dcacription, the 

invention provides a method for efficiently heating (e.g., 
annealing, degassing, etc.) and nnnling a substrate Within a 
ninglR chamber. Water transfer time is reduced, footprint 
is reduced and simpler wafer movements are employed.. 
10 Other objects, features and advantaged of the 

present ( invention will become more fully apparent from the 
following detailed description of the prefflrrRri p.mbrtdiments,- 
the appended nlsimR and the accompanying drawings. 

IS BRIEF DESCRIPTIO N OF THE DRAWINGS 

PIG. 1 is a side clcvational view of a heating and 
cooling apparatue configured in accordance with the 
invention; 

Ki(i. 2 is a top elevational view of the substrate 
2 0 support of the heatincj and cooling ripped* Luts of FIG . 1; 

FIG. 3 ie a graph of wafer temperature vorouo time 
for variouc cooling conditions within the heating and 
cooling apparatus of FIG. 1; 

K.K4. 4 is a graph of wafer temperature versus time 
25 during a typical annealing and coolinq process within the 
heating and cooling apparatus of FIG, 1/ and 

FIG. 5 ia a top plan view of a fabrication tool 
that employs the inventive heating and cooling apparatus of 
FTtt. 1 . ■ 

nKTATLfiD DESCRIPTION OF THE PREFERRED EMBODIMENTS 

! FIG . 1 ic a cide elevational view of a heating and 

! 

nonling' apparatiiR n nnnfigiirRd in rjr.rnrciance with the 

4 
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present invention. In order- to conveniently deecri h« tVm 
inventive apparatus 11, its components will be described j 
with reference to an object: no be heated auid cuuled. 

Huwtivei, it will be understood that the. object itself is not 

i 

5 a part of the appa-ratuo. 

As shown in PIG. 1, the heating and cooling ; 
apparatus 11 comprises a chamber 13 containing a beared 
substrate support ib (e.g., a substrate support having a 
resistive hecitiiiy element- 15<i Lhej.ein) . The chamber 13 

10 preferably has a small volume of about 5 20 litorc to allow 
for rapid evacuation of the chamber (described below) and 
rednn^rt JpronARR gan r.crn Riimpti on . The heated substrate 
support lb may comprise any conventional heated substrate 
support (e»y., <* aLainleuu tsLeel substrate support ) having a 

15 temperature range sufficient for the process to be performed 
(typically about 150-600 °C for meet annealing applications) . 
A gas inlet 17 couples a dry gas source 19 (such as a noble 
gas or nitrogen, preterably 100% N s having fewer than* a few 
par La per million of O, therein, or 4% ui- leyy ul diluted 

2 0 in N 2 and having fewer than a few parts per million of 0 2 
therein) to the chamber 13 . ■ The gae emitted from the dry 
gas source 19 may be further "dried" via a getter or cold 
trap (not shown) within the* gas inlet 17. A gas outlet 21 
couples the chaztiber 13 to a vacuum pump 23 which, in 

25 operation, pumps gas fioui the elieuiibex 13 • 

A ocmi conductor wafer 25 may be placed directly on 
the heated substrate support 15? or optionally, a plurality 
of pins 27 (p-rp.f ^.-rahly 3-6 pins, most p-referably three pins 
2 7a-c as shown in FIGS . 1 and 2) which extend trom the 

30 substrate support 15, support the wafer 25 so as to 

facilitate gas flow along the backside of the wafer 25 and 
so as to reduce contact between the wafer 25 and the 
substrate support lb (thereby reducing particle generation 
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by such contact) . Short pin heights facilitate heat 
transfer from* the substrate support lb to the wafer 2b; 
jjxef eidbly Llxe pin* 27a-c are beLwemi .005 - .02 inulietj iu 
height. The positioning of the plurality of pins 27 can t>e 
5 seen with reference to FIG. 2 which ehowe the heated 

substrate support 15 from a top plan view. To improve ; 
substrate temperature unitormity during heating, the 
diameter of the heated substrate support 15 preferably is 
larger than the diameter of the substrate being heated 

10 (e.g. , a nine inch cub ct rate oupport io preferred for 

heating, an eight inch substrate) . * The heated substrate 
support 15 heats the water 25 primariJy by conduction (e..g. # 
either direct contact conduction if a substrate touches the 
heated subsUdLe auppuiL 15 or conducLioxji through a dry gas 

15 such as : nitrogen disposed between the substrate support 15 

and a substrate when the substrate rests on the pines 27) . A 
nnnvRr.tivp heating component also may be employed if gas is 
flowed along the backside of the wafer 2b during heating. 
However, the <idiliLiuii u£ c± uonvecLive heating component, 

20 such as a backside gas flow, during substrate heaLiiiy liaa 

been found to have minimal impact on heating time due to the 
short heating times typically employed (e.g., about 15 
secends to a few minutes) and the small gap between the*, 
wafer 25 and Lhe UeaLed substrate support 15 (e.g., 0.005 - 

25 0.02 inches) . The use of a backside yats flow also may 

require wafer clamping (e.g., via a partial/full clamp ring 
or via dn electrostatic chuck ac are known in the art) so as 
to prevent water mnvRmftnf. dnp. to the gas flow. 

In order to easily place a water on and e.xt-ra r.t. * 

3 0 wafer from the heated BubsLxaLe support 15, a conventional 

3-6 finger wafer lift hoop 2D (the operation of which is 
I 

wFil 1 known in the art) or the like is employed. The wafer 
lift hoop 29 extends and retracts from the substrate support 



i 



1717/P1/C02/CPES/DT/PJS Express Mail Label No. ET71271S193T7S 

15 (e.g., vict c± sex-vo or stepper motor) and is of the r.yp* 
having at least three fingei* (represented by reference 
nuinbere 39a-c) , that extend under the edge of the wafer 25, 
Thus, during wafer lifting and lowering, wafer contact ia 
b limited to the area abnvR the three fingers 29a-c, and fewer 
particles are generated. The specitic detai l.s of f.hP 
preferred conf iguration Tor the finqers 2Sa-c are described 
in parent application, United States Patent Number 6,162,376 
Bl, issued February 6, 2001. Alternatively the pins 27a-c 

lU may be motorized sn a* to extend and retract to and from the 
substrate support 15. Preferably f.h« wafer lifting 
mechanism (e.g., the lift hoop 23 or the pine 27) extend and 
retract between a position pr. animate the substrate support 
15 and a position proximate the cooling plate 39. 

lh The rate at which the gae flowc into the chamber 

13 is controlled via a needle valve or flow controller 35 
(e.g., .d mass flow controller) operativelly r.nupl along the 
gas inlet 17. Preferably, Lhe vacuum pump 23 comprises a 
rough-pump, cuch ao a dry pump, having- a pumping speed u£ 

20 between about 1-50 liters/eec for rapid evacuation of the 

chamber 13. The gas outlRt. 21. comprises an isolation valve 
3 7, such as a pneumatic roughing port valvR, imperatively 
coupled to the vacuum pump 23 so as to control the gas flow 
rate from the chamber 13 and prefex-ably a crheuiib^x* exhaust 

25 valve 3 6 for use during chamber purging. Because a rouyli 
pump is capahl r of evacuating a chamber to a precourc of a 
few mill'lTorr or higher, a rnngh pump alone may be employed 
for applications* wherein the heating and cooling apparatus 
11 is not evacuated below <± pressure of a few milliTorr 

30 (e.g- , when the heating and cooling apparatus 11 its used as 
a stand-3 1 one module that is vented to atmospheric pressure 
with a nbn- oxidizing gas such as nitrogen prior to loading -a 
substrate therein or wlitixi a substrate is transferred 
I 

7 
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directly between the heating and cooling apparatus 11 and 
yLhex pxocess chambers that employ pressures ol a lew j 
milliTorr or higher) . However, for applications that 
require preccurec below a. few milliTorr (e.g., prcocurco 
.5 whinh nannnh bft obtained with a rough piiinp alone , a high 
vacuum pump fnot shown) sucti as a cryopump also may be j 
employed to allow substrate transfer between a hiqh vacuum 
environment and the chamber 13 (e.g., when using the heaLiny 
and cooling apparatus 11 with a fabrication tool as 

10 described below with reference to FIG- 5 or when otherwise 
directly transferring a fiuhfitvrat.fi hp.hwftp.n fcVm hp.af.ing anri 
cooling apparatus li and other process chambers that employ 
pressures below a few milliTorx) • 

To affect rapid cooling of the wafer 25 following 

15 wafer heating within the chamber 13 (described below) , a 

water or rp.frigp.rsnt r.nnl ed cold plate 3 9 (e.g., an aluminum 
cooling plate that may be cooled to about b to 2b M u by a . 
cooling fluid supplied Ix-om a cooling fluid source 40) is 
dicpoocd within the heating and cooling apparatus 11 distant 

20 the heated substrate support 15 (e.g., preferably about 1 5 
■inches thftrRfrnm) . Rp.canse the substrate support 15 and the 
cold plate 39 preferably are disposed opposite on* annthP.r, 
unly single-axis, linear motion (e.q., less expensive and 
l esB complex motion than multi-axis motion) need be employed 

35 to transfer a cubotratc therebetween. In fact, the wafer 

lift iDfinhaTii.gm (e.g., the wafer lift hoop 29 or the pins 27) 
may be configured to transfer a waf>.r hfthwRRn th« position 
proximate the substrate support 15 and the cooling plate 39. 

The uuld plaLe 3 9 preferably employs a diffuser or 

3 0 chowcr head design as is known in the art,* having up to ten 
thousand 0.02-0,1 inch diameter holes therein, (represented 
by reference numbers 3 9a-n in FIG. 1) . The holes 3 9a-n 

allow gas to flow thiOuyh the cold pldLa 39 (e.g., from the 

i 

8 
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i 

dry gas ! source 19) <*iid Lu Lliereby be cooled by the cold 
plate 3 9 so as to improve cooling of Lhe wdler 2 5 as 
described below- The walls of the chamber 13 preferably are 
water or rftfrigprant (e.g. , a 50%- de- ionised water/50% 
5 qlycol solution having a freezing point bRlow that of pure 
watei) uuoled as well to further enhance substrate pooling. 

As shown in FIG. 1, Lhe gas inlet 17 is positioned 
adjacent the heated substrate support 15. Howevex , Lhe gas 
inlp.t 17 could alternatively be coupled to the upper portion 

10 of the chamber 13 Cas shown in phantom) to supply dry gas to 
the liolea 3 9a-n of the cold plate 39 and/or to a manifold 
(not shown) having a plurality of openinqs which diffuse gas 
emitted .from the gas inlet 17 into the chdiiibex* 13 and cause 
a substantially uniform flow of dry gao over the wafer 25 's 

15 frontside. Thp. rip.oign of such a manifold is well known to 
Lhuatd of ordinary skill in the art ot CVD rear.trrr design. 
' U.S. Patent No. 4,854,263 exiLitled "Inlet Manifold and 
Method for Increasing Gas Dissociation and fur PBCVD of 
Dielectric Films" is incorporated herein by this reference, 

20 for it teaching of a specific inlet manifold. 

Note that because the invent i vp. heating and 
cooling apparatus 11 employs' only a single chamber and 
employe relatively inexpensive cjuiupuxieuts (e.q. , the heated 
substrate support 15 r the water cooled cooling plate 39, 

2b preferably nlngle-axis, linear motion for transferring a 
substrate therebetween, etc.), heating and cooling ie 
ecuiiumicklly performed with reduced footprint and increased 
throughput as the need fux- aubstrate transfer time to a 
separate' cooling module is eliminated. A controller C is 

3 0 coupJ ert tn the various chamber components (e.g., the heated 
Mubtfljratfe support lb, the wafpr lift mechanism 27 or 29, the 
flow control lex 35, the isolation valve 37 , the chamber 
exhaust valve 38, the cooling fluid suurue 40, the Chatriber 

j S 
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isolation slit valve 41 dud the transfer station wafprr 
handler 43a) and is programmed so eta Lo cause the Inventive 
nh amber to perform the inventive method described below. 

Tn operation, prior to placing a wafer 25 within 
the chamber 13 , the chamber 13 in pre-conditioned. For 
example, Lhe substrate support lb may be prft-hpated to a 
decircd heating temperature (e.y., for annealing or 
degassing purpooca) and the cold plate 39 may be pre-cooled 
to a dftfii-red cooling temperature. Additionally, to pre- 
condition the chamber 3 3 to a predetermined contamination 
Icvul (e.g., so that less than 10 parts prtt million of 0 2 
resides in the chambex 13) the chamber 13 may be purged ah 
atmospheric pressure by flowing dry y<*a from the dry gas 
source 1 Q into the chamber 13 with the chamber exhaust Vdlve 
3 8 open, may be single -evacuation purged by evacuating the 
chamber 13 to a predetermined vacuum T pvel via the rough 
pump 23 (by opening dii isolation valve 37 coup! Rrt 
therebetween) and then back filliny Lhe chamber 13 with dry 
gas -Ftotti the dry gas source 19, or may be cycle purged by 
repeatedly evannsting the chamber 13 to a predetermined 
Valium level and then bacJc tiJ h'ng the chamber 13 with dry 
gas from the dry gas source J.y to further rnriuae 
contamination levels beyond Lhuse achievable by atmospheric; 
pressure or single evacuation purging. 

As an example, for a copper anneal within the 
chamber 13, the substrata, support is heated to between about 
150 - 600 °C, and more preferably to bRtween about 200 - 
4 00 °C, and the cold plaLe is cooled to between about S and 
25 °C, more preferably to about 15 "C. Copper films readily 
oxidiT:*, particularly at elevated temperatures such -dy those 
employed ^during annealing, and form undesirable copper oxide 
regions th*L degrade film resistivity and increase the 
contact reciotance of interconnecLs fabricated therefrom. 
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Accordingly* Lhe chamber 13 's environment preferably is pre- 
conditioned to contain less than about 10 pax~ts per million 
of oxygen. For example, by purging or cycle purging the 
chamber with a dry gae from the dry gas source 19 that 
5 comprises N" a having only a tew parts per million o£ oxygen,' 
and more preferably about yfa'% N a with 4% H 3 having only a few 
parts per million uf o^yy en, eLtz> cl tmid.ll euuOm'iL of H a 
suppresses oxide formation. • 

After the chamber 13 is pre-conditioned, a chamber 
10 isolation slit valyp. 41 that nnnpl ra fh« nhflmbp.r T ^ to a 

station £or loading a wafer into or unloading a wafer from 
Lhe chcuuber 13 (i.e., ci Udiiblei sLdLion 43) opens diid a 
transfer station wafer handler 43a extends therethrough, 
carrying the wafer 25 into position above the heated 

15 substrate support 15- The transfer station 43 typically ie 
at atmospheric pressure (preferably a nitrogen or other non- 
uxiditting atmosphere such as an argon atmosphere) and may be 
constantly purged with nitrogen or any other non-oxidiziny 
gas to reduce the concentration of oxygen that entcro the 

20 chamber 13 during wafer transfer, Alternatively the 

transfer station 43 may be at a reduced chamber pre.fisurR 
(e.g.. if nhe heating and cooling apparatus and/or the 
transfer st&Lion 43 is coupled Lu uLlier process chambers 
employing reduced pressures) that preferably has a low 

25 oxygen partial pressure. 

•The opening ot the «1ih valvR 41 prp.fp.rahly is no 
larger tljian the minimum area required to move the water 25 
cuid the blade of Lhe wafer handler 43a into or out of the 
chamber 13, thereby minimizing the impact of Lhe transfer 

3 0 station 43 'e atmosphere on the chamber 13 9 3 atmosphere. To 
prp.vp.nt r.nntami nants (e.g., oxygen during copper film 
annealinq) from entering the chamber ±1 as the wafer 2b is 

transferred thereto, the chamber 13 may be purged with dry 

I 

! 11 
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gas from the dory gas source 19 (typically dL a flow rate of 
about S-100 e.l.m.) during wafer transfer. This is ] 
parti cul arl y important when the transfer station 43 'e 
atmosphepre is not clean (e.g , has a high oxygen ! 
5 concentration or other high impurity concentration that may 
affect the woifer 25 or films formed thereon during heating; 
or coolirig within the' chamber 13) , The wafer lift huuy 29 
(via the three finger© 29a-c) lifto the wafer 25 from the 
transfer station wafp.-r handler 43a and after the transfer, 

10 station wafer handler 43a has sufficiently retracted , hh« 
slit valve 41 closes and the wafer lift hoop 29 lowers the 
wafer onto the heated substrate support 15, Pit* lex/ably the 
wafer 2 S is in direct contact with the substrate support 15 
(or with the pinn 27a.-c) so as to maximize heat transfer 

15 therebetween and to minimize wafp.r hRafing time. The 

pressure within the chamber 13 preferably is maintained at 
about atmospheric pressure in a non-oxidi^ixiq Mas such as 
nitrogen, either by scaling the chamber 13* from the rough 
pump 23 (via the isolation valve 3 7), or by purging the 

2 0 chamber 13 with dry gas with the chamber exhaust valve 3 8 

open ux while pumpinq the .chamber 13 with the rougrh pump 21 . 
Note that the gas pressuxe within the chamber 13. aids in the 
transfer of heat from the heated substrate support 15 tu the 
water 3R*ss described in parent application, United Gtatea 
2b Patent Number 6, 182,176 Bl, issued February 6, 2001. 

Chamber pressures of a few Torr or less yi el ri* a poor heat 
conduction path between the wafer 25 and the heated 
substrate oupport 15. Thus a wafer backside yda preferably 
is employed at such reduced chamber pressures (e.g., an 

3 0 argon, helium or- nitrogen bao3cside gas with appropriate 

wafex clamping to prevent wafer movement nansed by the 
backside gas ) „ 

12 
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An eLimeal, degas or other heading process . 
thereafter may be employed ua Lhe wafer 25 using the 
substrate eupport 15. For example, a copper anneal may be 
pp.Tfnrmed by maintaining the wafer 25 in contact with the 
5 substrate support 15 tor ahnnt "15 seconds to 3 minutes, 

dependinq on the temperature of the heated siahfih-rate support 
15 and the desired armtsdl, degas or other heating process 
duration . To perform a degas process wiLli Lhe heating and, 
cooling apparatus 11 such ao the inventive degas process 

10 described in parent Application, United States Patent Number 
6,182,376 Bl, issued February 6, 2001 y a nrynpnmp or other 
high vacuum pump ^Jie£ej:-ably is provided in addition to or xn 
place of the rough pump 23 to obLeLixi Lhe low pressures 
(e.g., lxl 0"* Torr) required thereof. 

16 "Following an annealing, degas or other heating 

process/ the wafer lift hoop 29 ftlftvatp.s, raising the wafer 
25 above the hedLed substrate support 15 to a position 
proximate the cold plate 39 so db Lo cool the wafer 25. As 
described below with reference to PIG. 3, to optimize the 

2 0 r.nnling rate of the wafer 25, the gap between the top 

surface of the wafer 2 5 and hh« bottom surface of the cold 
pldLti 39 preferably is leas than about 0.02* ot about 0.5 
mm, the pressure within Llie uhcimber 13 preferably is reduced 
to between about 2 0 20 0 Torr during cooling, and dxy yas 
25? f-rom the dry gas source 19 may be flowed (e.g., at a rate of 
about 100 - 150 s.l.rn.) through the cold plate 29 (e.g., via 
Lhe holes 3 5a-n) to generate a coo.l dry gas that strikes the 
top surface of the wdler 25. 

FIG. -3 is a graph of wafer Lemperature versus time 

3 0 fnr the various chamber 13 cooling conditions listed in 

TABLE 1 (below) . To obtain the data plotted in these 
giapha, Lhe substrate support 15 was heated to a temperature 
of 350 D C (e.g., to simulate a liedLiiig process performed 

13 
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just pri/or to a. cooling process), the no I rl plate 39 was 
cooled to a temperature of 25 °C and the distance between i 
the substrate support 15 and the cold plate 3S was about 40 
Kim. WafiftTR were held in direct contact with the heated 
substrate support 15 without-. employing the pine 27a- c. 



XABIjE 1 



CURVE # 


COoLlMG CONDITIONS 


301 


l- 15 0 tt.l.m, N 2 purge through cold piste holes 
o y a *n / 

2. Chamber- pressure of about 7 60 Torr; and 

3. 3 mm wafer-cold plate distance. 


3 0?. 


1. 150 s.l.m. N 2 purge through cold plate hules 
39a-n; 

2. (Jhamber prp.RRiire of .about 8 0 Torr; 

3. 3 mm wafer-cold plate riiptance. 


303 


.1- 150 s.l.m; N 3 purge through cold plate holes 
39a-n; 

2. 10 s.l.m. N 2 pux-ge on baOcside of water; 

3. Chamber pressure of abuuL 750 Torr? 

4. 3 mm wafer-cold plate distance. 


3 04 


1. No N 2 flow, 

2. Chsmbfi-r pressure of about 760 Torr; 

3. 0.2b mm water-cold plate distance. 


305 


1. NO N a f low; 

2* Chamber pressure ot about 4 7 Torr; 
3. 0,45 aim wafer-cold plate distanr.R. 



As can be seen wiLh joint reference to FIC3. % and table 1, 
for a fixed wafer to-cold plate distance (e.g,, 3 mm for 
miTw* 301-303), reducing the pressure within the chamber 13 
and flowing dry gap (e.g., N 2 ) through the holes 39a-n of Lhe 
cold plate 39, as well a« to the backside of the wafer 25, 
increases the cooling rate of the wafftr 25. However, the 
distance between the wafer 25 and the cold platR 39 with 
optimized 1 chamber pressure plays a mure siqnlficant role in 
cooling a; water than flowing a cool dry gas as shown by 
cuxve 304' which represents the* r.ooling achieved with no N 2 
purge through cold pldLe holes 39a-n, a 0.25 mm wafer-cold 
plate distance, and a 700 Torr chamber pressure; and by 

14 
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curve 305 which represents the cooling ar»hi«vecl with, no N a 
purge through cold plate hole* 39a-n, a 0.45 ram wafer-cold 
plate distance, and a 47 Torr chamber pressure. 

> 

Specifically, the preccnt inventors have found ! 
that reduced chamber prftRsnres (e.g., about 20-200 Torr) ' 
during uuolinq optimize the cooling process because reduced 
precourcs continue to provide good thermal conduction . tor » 
small distance (e.g., less than 0,5 uuu) between the wafer 25 
and the nolo 1 plate 39. At the came time, reduced chambex* • 
pressures have been found to suppress heat transfer from the 
heated substrate support 15 to thR wafer 25 which are 
preferably separated by about 25-125 mm (e.g., about 25-125 
mm between the substrate support, 15 and the cold plate 3 9 J . 
As can hp. seen from PIG. 3, cooling from 350 °C can require 
as mush as abour. 2 0 seconds depending on the cooling 
conditions employed, but can be reduced to about 5 secondc 
for optimal cooling conditions (e.g., a chambfir pressure of 
47 Torr and a 0.45 mm wafer-cold plate distance) . AS can hfi 
seen by the differences between curves 301 and 3 02, the 
addition of a nnnvective cooling component by flowing a gas 
tlixuuyli the cooling plate holes 3 9*-n has less of an impact 
on cooling thcui does reducing heat conduction between the 
heated eubotrate support 15 and the wafer 25 during cooling. 
Ass with heating, cooling appears to be predominately 
conduction dominated. 

' Following the r.onl inn; process, the chamber 13 is 
vented wiLh dry qas from the dry gas Rnnrce 19 to a preecurc 
of about 760 Torr (l atmosphere) or is evacuated to a 
pressure required for wafer transfer into a fabrication 
system (as described below with reference to PIG. 5) . The 
chauibtor isolation slir. valve 41 opens and the transfer 
station wafer hcuuller 43a reaches into the*, nhamber 13 and 
extends under the wafer 25. TheredfLer the wafer lift hoop 

I lb 
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2 9 lowerb (transferring the wdf^r 25 no the wafer handler 
a 3a) and the wafer handler 43a retract* carrying the wafer 
2b into the transfer station 43. To prevent contamineuiLs 
from the transfer station 43 from entering the chamber 13 as 
the wafer 25 is transferred theretrom, the chamber 13 may be 
purged continuously with dry gas from the dry gas source 19 
(typically at a flow rate of about 5-100 s.l.m/) while the 
slir. valve 41 is open. After the wafer handler 43a retracts 
from the chamber 13 the slit valve 41 cloocs, and purging 
(if any) ul the chamber 13 may be halted. 

PIG. 4 its a qraph of wafer temperature versus time 
during a typical annealing and uuulinq process within the 
hp-ating and cooling apparatus.il of FIG. 1. The substrate 
support 15 is preheated to a temperature of 340°C, the 
cold plciLtf 39 is pre-cooled tn a temperature of 25 °C and the 
chamber 13 is pie- conditioned to contain less than about 10 
parts per million of oxygen (e.q. f by purging or cynl « 
purging the chamber 13 as previously described) . The 
chamber 13 preferably is backfilled with a dry gas such as 
nitrogen to a pressure of about 760 Torr. With reference to 
FIG. 4, at Lime l, the wafer "4b is placed directly on the 
heated substrate suppurL 15 (without employing the pins 27a- 
c) via the wafer lift hoop 29, and between times 1 and 'A 
annealing ir performed (e.g., at a chamber pressure ul about 
760 Torr) . At timA 2, the wafer 25 ic lifted from the 
heated aubatrate support 15 via the wafer lift hoop 29, and 
at time 3 arrives at a position proximate fch« cold plate 39 
(e.g., about 0.45 mm from the cold plate 39), beginning the* 
wafp.r cooling cycle. At time 4, the rough pump 23 begins 
pumping the chamber 13. Pumping continue a until time 5 when 
the pressure within the chamber 1^ reaches about 47 Torr, 
Once the chamber pressure reaches about 47 Torr, thp." wafer 
begins . to cool rapidly (between times 5 dud 6). At time 

! 
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6 the cooling process ends and Che chamber 11 is vented to 
atmoephcric pressure with di.y gas (e.q., N a ) from che dry g^R 
son-rre 19 (or is evacuated as described below with xeference 
no KlCy- 5 J - A1-. time 7 the chamber iaolation slit valve 41 
5 op cut* and che wafer 2b is extrant.pd from the chamber 13 ao' 
previously described. Note chac it desjrp.d, the chamber 13 
may be pumped by the rough pump 23 prior CO cime 4 (e.g., 
during wafer transfer, from the substxdLe support 15 to Che • 
cooling plate 39), However, the present inventors have 

10 found, chat cooling is morft efficient (e.g., is factor) when 
pumpiny ul the chamber 13 is not performed until the wafer 
25 hao reached the cooliny plate 39. 

The heating and cooling appetxaLus 11 may be used 
as a flfand alone heating and cooling system, separate ficmi a 

15 fabrication system that couples multiple process chambers, 
ur may be used as pare of a tabri nation system. For 
example, PI©. 5 is a Lup plan view of a fabricate nn system 
45 that employs the inventive heatiny cuid coolinq apparatus' 
of PTQ i . The fabrication cyatcm 45 comprises at least a 
firBt load lock 47, at least one procecc chamber 40, at 
lease one wafer handler 51 and the inventive heating and 
cooliny dpparacus 11. The ac least one wafp.r handler 51 
reaides within a transfer chamber 53 chat couples Che first 
load lock 47, the proceoo chamber 49 and the inventive 

25 heating and cooling apparatus 11. 

in operation, a wafer carrier containing at least 

one wafer* is loaded inco Che first load lock 47, and the 
1 

first load lock 47 is pumped to a desired vacuum leveJ , 
typically! act by the process to be performed wichin Che 
30 pronp.RS chamber 49 (e.g. / elightly below atmospheric 

pressure for a subatmnRpheric CVD process such ao low k 
dielectrifc deposition, ac a low pressure tor a Pvn process, 
etc.)- If fc hc inventive heating and uouling chamber 11 is 
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to be employed fox annealing only, the wafer handler 51 
extracts a first wafer from the first load lock 4 7 and J 
transports it to the process chamber 49. An annealable 
procftfis (e.g., low k dielectric film deposition, etc) is ! 
5 performed on the water and the wafer is transferred via the 
wafer handler 51 to the inventive heating *nd cooling ; 
apparatus 11. A sealable pox*t such as the slit valve 41 
(FIG. 1A) on the chamber 13 opens allowing the wafer handler 
51 to reach into the chamber 13 and deposit the first wafer 

10 on the heated substrate*, support IS, as previously deccribed, 
.The wafer handler 51 retracts and hhR nlit valve 41 closes. 
The wafer is then heaLed and cooled in accordance with fchu 
invention as described with ref ei-eiice Lo FIGS . 1-4, After 
heating and cooling, the wafer is returned to the first load 

15 lock 4 7. rhfi sequence repeats until each wafer within the 
wafer carrier has been processed and -returned to the first 
load lock 47. 

If the inventive heaLiiiy and coolinq chamber xi is 
to be employed for degaaaing, the above sequence is 

20 reverfip.ri . Each wafer travels from the first load lock 47 to 
the inventive heating and cnnling apparatus 11 and is 
deyassed therein. Thereafter each water t-.ravftl « -From the 
inventive heating and cuuliug apparatus 11 to the process 
chamber 49, has a process performed thereon, and Lhen . 

25 travp" «g from the process chamber 49 to the first load lock 

47 (either directly or after having a cooling step* or an 

annealing and cooling step pertormfiri thereon within the 

heating and cooling apparatus 11) . Note that many procftfiRRR 
i 

that require a degassing step ctlao require a high Vacuum 
^0 level (e.g., PVD proceccea) . Accordingly, the heatino, and 

cooling apparatus 11 may require a cryopump in addition to a 
rough pump so as to reach the high vacuum ievftl (a* set by 

18 
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the process chamber 49) required for the fahrir.ar.inn. RyRt.Ptm 
45 . 

The foregoing description, discloses only the 
preferred embodiments of the invention, modifications of the 
5 above di^r.lnRpti apparatus and method which fall within the 
scope of the invention w.1.1 I bp. rp.artily apparent to those of 
ordiiidxy akill in the art. For instance, although the 
components of the inventive heetLiny and cooling apparatus • 
and the conf igurationo described herein are presently 

10 preterrftri, numerous variations may occur and yet remain 

within the scope at the* invp.ntion. For example, heating may 
be perlormed in an upper or first side portion of the 
chamber 13 and cooliny ii± a lower or second side portion of 
the chamber 13 - The needle valve or flow controller and the 

IS isolation valves can be manually adjusted but are preferably 
computer controlled. The* finbstrate support 15 may be 
resitiLively heated, heated by lamps (e.g., infrarRri lamps 
inside or outside u£ the chamber 13) , heated from underneath 
or directly, or heated via any other known heatiny 

20 mechanism, 

A subst-.raf.A may be heated by either touching the 
substrate support lb or merely by hfiing hpl d proximate the 
substrate suppoiL 15. similarly, a substrate may be cooled 
by either touching the cold plate 39, or meiely by being 

25 held in close proximity to the cold plate 39. A cooled 

substrate* support or other cooling mechanism may be employed 
in place of the cold plate* ^Q. Heating and/or cooling may 
be perfuxuied with a chamber pressure at or slightly above* 
atmospheric pressure or with a reduced chamber pressure, 

30 with or without gac flowing through the cold plate 39. 

1 The wafer lif t ^mechaniem may be motorized, 
pneumatid or employ any other known lifting mechanism (e.g., 
a wafer handler suuli aa the wafer handler 43a) k The water 
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may be lied Led and Lhen transferred via the lift: mechanism to 
a supporting mechanism position proximate the cooling j 
mechanism - One euch cupporting mcchaniam and transfer 
process thereto is disclosed in U.S. Patent No. 5,951,770, 
b issued September 14, 1999, the entire cii sr. I orutr nf whinh is 
incorporated herein by this reference, further, numerous 
objects other than wafeib (fox example liquid crystal 
display panels and glass plates) may benefit from the , 
inventive process. In addition to nitrogen, any other non- 
10 oxidizing gas such as a-rgnn, b«1 inm, <=t-.c - , may form all or 
part of the chamber id ' s atmosphere during substrate 
heating, cooling cand/ox Lxaxisler or during chamber idle. 

Accordingly, while the present invention has been 
disclosed in connection with the preferred embodiment a 
1^ f.hprpnf, It should be -understood that other embodiments may 
fall within the spirit and scope ot the invention, as 
defined by the following claims. 



